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ABSTRACT

Testing was performed to determine the useful shelf/service life for

LGM-30Stage I 4.eket-Motors, A three year storage program for propellant

and components was started in May 1961. This program was then extended-to

a ten year study and later continued indefinitely to assure that a deterio-

ration in motor physical characteristics could be detected in time to take

some corrective actions before the weapon system performance deteriorated

below an acceptable level.

This report covers propellant test data for motor S/N 0012199. Planned

dissection of selected motors in the future will provide samples for con-

tinued component testing.

The data is presented in the form of regression analysis and the

trends are projected 24 months beyond the last test date.

From the statistical analysis of all data tested to date, significant

degradation of the propellant does not appear likely for at least two years

past the oldest data point. -

Future testing and reporting will be conducted on individual dissected

motors.
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GLOSSARY OF TEE)S AND ABBREViATIONS

Aging Trend A change in properties or performance result-
ing from aging of material or component

CSA Cross Sectional Area

DB Dogbone

Degradation Gradual deterioration of properties or performance

E Modulus (psi), defined as stress divided by
strain along the initial linear portion of the
curve.

EB End Bonded

EGL Effective Gage Length

em Strain at maximum stress

er Strain at rupture

"F" ratio The ratio of the variance accounted for by the
regression function to the random unexplained
variance. The regression function having the
most significant ""' ratio is used for plotting
data. The ratio is also used in detecting signi-
ficant changes in random variation between
succeeding time points

JANNAF Joint Army, Navy, NASA, Air Force Committee

MANPA Propellant Lab Section at Ogden Air Logistics Center

Ogden ALC Ogden Air Logistics Center, Air Force Logistics
Command

r or R The Correlation Coefficient is a measure of the degree
of closeness of the linear relationship between two
variables

Regression The general form of the regression equation
Equation is Y - a + bx

Regression Line representing mean test values with respect -'

Line to time

Sb  Standard error of estimate of the regression
coefficient
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GLOSSARY OF TERMS AND ABBREVIATIONS (cont)

Se or Sy.X Standard deviation of the data about the
regression line

Sm Maximum Stress

Sr Stress at rupture

Standard Square root of variance
Deviation (Sy)

Strain Rate Crosshead speed divided by the EGL

"t" test A statistical test used to detect significant
differences between a measured paraneter and an
expected value of the parameter (determines if
regression slope differs from zero at the 95%
confidence level)

Variance The sum of squares of deviations of the tast
results from the mean of the series after divi-
sion by one less than the total number of test
results

3 Sigma Band The area between the upper and lower 3 sigma
limit. It can be expected that 99.73% of the
inventory represented by the test samples would
fall within this range assuming that the oopu-
lation is normally distributed.

90-90 Band It can be stated with 90% confidence that 90% of
the inventory represented by the test sampleq
would fall within this range assuming that the
population is normally distributed

ix
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INTRODUCTION

A. PURPOSE:

This report contains test data from samples of LGM-30 Stage I, Wing II

TP-HlOl1 propellant obtained from dissected motor S/N 0012199. Testing was

performed by the Propellant Analysis Laboratory (MANPA) for the Minuteman

Motor Engineers (MMGR) under Project M46288C. This report is the fifteenth

in this series. Data from this test period and propellant test data from

the fourteen previous reports, for motor S/N 0012199, were entered into the

G085 computer for regression analysis. The regressions are shown in this

report.

B. TEST PROGRAM:

The LGM-30 laboratory and component program includes the testing of

materials used in the main case and main grain propellant. Table 1 out-

lines the test program.

C. HISTORICAL BACKGROUND:

In May 1961, Thiokol began a three year LGM-30 laboratory storage and

test program to determine the rate of degradation with age for Stage I

materials. During June 1962 and again in Augist 1963, additional samples

were included. New samples were added in Ju ly and August 1964 w hen the

surveillance test program was extended to ten years (Test Plan 0717-62-0967,

53-8). The samples added to the inventory in 1964 were considered to be a

new population, but were comb.ned in regression analysis with the three

dissected motors.

The history of testing of these materials is found in MQQP Report Nrs.

109A(67), 144(68), 208(71), MANCP Report Nr. 358(76) and MANPA Report Nr.

482(82). Physical transfer of the specimens from Thiokol to Ogden ALC

was made in June 1967.

-- 1 . ---
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Until 1982, due to a limited number of dissected motor samples, data

from all motors were combined for statistical analyses. In 1982, key LSLA

parameters were reported for individual motors (MANPA Report Nr. 470(82).

-2-
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STATISTICAL ANALYSIS

The objective of this statistical analysis is to determine the effect

aging has on Stage I propellant from motor S/N 0012199. This analysis will

assist Service Engineering in predicting Stage I serviceability.

The method used to accomplish this analysis was regression analysis.

The linear equation Y - a + bX was found to be the best fit model for this

data. The unique mathematical regression equations are on the top of each

plot. Each point on a regression plot represents a data mean value at its

particular age at test. The sample sizes for the mean values may vary in

the number of specimens tested at each test period. The sample size at a

particular test period can be found in the Sample Size Summaries. All re-

gressions are calculated on individual data values.

The variance about each regression trend line was used to compute a

tolerance interval such that at 90% confidence 90% of the sample distri-

bution will fall within this interval. This tolerance interval is extrap-

olated 24 months beyond the age of the last test date.

The 't' value and the significance of this statistic will be given as

an indication of the "statistical significance" of the slope of the trend

lines as it is compared to a line of zero slope. When a regression slope

is labeled as significant, it should be noted that the slope of the trend

line is significant from a statistical standpoint and a change over time is

occurring. A significant indication does not necessarily mean that the

change in test values obtained during testing is significant in regards to

motor fleet operational performance.

In 1961, a program was undertaken to determine the rate of degradation

for the propellant used in Stage I Minuteman Motors (TP-HlOll). With the

use of TP-HI011 propellant, obtained from dissected Stage I motors, a nor-

mal distribution population was assumed for each motor and the data from

-3-
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three motors (0012099, 0012199, and STM 012) were statistically combined.

The combined data has been analyzed using a multi-symbol regression pro-

gram that displays unique plot codes for each motor. This method of data

plotting allows a visual display of the overall relationship between motors

and their relationship with the combined least squared aging trend line.

The combined motor composite regressions indicate that data masking of

individual motor trends may be inprocess and a closer investigation is

required.

Each dissected motor will be individually analyzed using linear re-

gressions. The individual motor regressions were then analyzed for com-

patibility using the Analysis of Covariance. At this time, using the 5%

significance level, these three motors are not statistically combinable.

As previously recommended, each motor will be individually plotted

and analyzed to eliminate errors and provide more accurate regressions.

This report contains data and analysis for motor S/N 0012199. The

analysis will be based on this motor only. The regression summaries can

be found in table 2. The three motor combined composite regression plots,

which also included motor S/N 0012199, has also been included to allow a

visual display of the overall relationship between motors (results can

also be found in table 2). The combined motor regressions should not be

used for any purpose other than visual display only.

The symbols used for each of the three motors are as follows:

0012099 " 0

0012199 " 1

STM-012 " S

-4-



TABLE 1

TEST PROGRAM

Config- Nr Total

Test Conditions uration Specimen Specimens

* Tensile, Low Rate 770, 2 & 20 in/min JANNAF Dogbone 5 40

Creep 770, 10 & 12 lb Load JANNAF Dogbone 3 24

Stress Relaxation 770, 3 & 5% Strain l/2"xl/2"x4" 3 24

Hardness 770, Init & 10 sec Dogbone Ends 5 40

HOE 770 1/2"x3/8"xl" 5 40

DTA 770 Start 0.040" Wafers 3 12

Sol Gel 770 1/2"xl/2"xl/2" 6 24

High Rate Tensile 770, 1000 in/in/min 3/4" GL Dogbones 5 15

Triaxial High Rate 770, 1000 in/in/min 3/4" GL Rail 3 9

Dynamic Response 770, 70 gm ct. wt. 3.3"x.33"x690" 3 9
Disc

Biaxial Constant Strain 770 3/4" GL Rail 3 9

Tear Energy 77 0 F t 20 0.1"xl.18"x3" 8 16

Poisson's Ratio 77°F t 20 0.50"xO.50"x4" 6 30
(Strain Dilatation)
10, 15, 20, 25, 30%
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TEST RESULTS

Regression analysis is the method of evaluation used in the analysis

of motor S/N 0012199 test results. The regressions are presented in this

report. In addition, regressions for the three dissected motors combined

are presented in this report for visual comparison only to motor S/N 0012199.

A. TENSILE:

1. Low Rate Tensile (2.0 in/min):

The strain at maximum stress and strain at rupture trend lines show

a statistically significant gradual decrease (figures 1 and 3). Maximum

stress, stress at rupture and modulus regression trend lines show statis-

tically significant increases (figures 2, 4 and 5).

For the dissected motor relationship (combined data) the respective

regressions are included (figures 1A thru 5A).

2. Low Rate Tensile (20.0 in/min):

Strain at maximum stress and strain at rupture trend lines show a

statistically significant decrease (figures 6 and 8). Maximum stress, stress

at rupture and modulus show a statistically significant increase in the trend

line direction (figures 7, 9 and 10).

The combined regressions are shown in figures 6A through 10A.

3. High Rate Tensile (1000 in/in/min):

The strain at maximum stress regression trend line shows a statis-

tically significan, increase (figure 11). Strain at rupture, maximum stress

and stress at rupture regressions show a non-significant trend line (figures

12, 13 and 14). A statistically significant decreasing trend line direction

for modulus is seen in figure 15.

The combined respective regressions are shown in figures 11A thru 15A.

-6-
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4. High Rate Triaxial Tensile at 600 psi (1000 in/in/min):

The maximum stress and stress at rupture regression trend lines show

a statistically significant increase (figures 17 and 19). The remaining

regressions have a non-significant trend direction (figures 16, 18 and 20).

The respective combined regressions are shown in figures 16A thru 20A.

B. CREEP:

All of the regressions for the ten pound load test demonstrates a non-

significant trend direction (figures 21 thru 24).

For the 12 pound load test at 10, 20 and 1000 second testing, also demon-

strate a non-significant trend direction (figures 25, 26 and 27).

The respective combined motor regressions are showrn in figures 21A thru

27A.

C. STRESS RELAXATION:

The stress relaxation modulus for the 3% and 5% strains show a statisti-

cally significant trend in the increasing direction for 10, 50, 100 and 1000

seconds (figure 28 thru 35).

The respective combined motor data regressions are shown in figures 28A

thru 35k.

D. CONSTANT STRAIN:

The regression trend line has a non-significant slope direction (figure

36).

The combined motor data regression is shown in figure 36A.

E. HARDNESS:

The Shore A 10 second hardness regression trend line has a non-significant

direction (figure 37).

The combined motor data regression is shown in figure 37A.

---- 7s--



F. TEAR ENERGY:

The tear energy regression shows a non-significant trend direction

(figure 38).

The combined motor data regression is shown in figure 38A.

G. SOL GEL:

The crosslink density and percent extractables have significant posi-

tive direction trend lines (figures 39 and 40). The gel swell ratio (fig-

ure 41) shows a non-significant trend direction and the density has a sta-

tistically significant negative trend line direction (figure 42).

The respective regressions for the combined motor data are shown in

figures 39A thru 42A.

H. HEAT OF EXPLOSION:

The trend line for the regression is non-significant (figure 43).

The respective regression for the combined motor data is shown in

figure 43A.

I. BURNING RATE:

The burning rate at 500 psi test pressure shows a statistically signifi-

cant increasing trend line direction (figure 44). The regression for the

1000 psi shows a non-significant trend line direction (figure 45).

X The respective regressions for the burning rate combined motor data are

shown in figures 44A and 45A.

.* J. FAILURE ENVELOPE:

The failure envelope for motor S/N 0012199 is shown in figure 46.

-8-
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TABLE 2

REGRESSION TREND LINE SUMMARY

Motor Composite
Test 0012199 Motor

Low Rate Tensile, 770F, 2.0 in/min
Strain at Max Stress S(-) NS
Maximum Stress S(+) S(+)
Strain at Rupture S(-) NS
Stress at Rupture S(+) S(+)
Modulus S(+) NS

Low Rate Tensile, 77 F, 20.0 in/min
Strain at Max Stress S(-) S(-)
Maximum Stress S(+) S(-)
Strain at Rupture S(-) S(-)
Stress at Rupture S(+) NS
Modulus S(+) NS

High Rate Tensile, 770F, 1750 in/in/min
Strain at Max Stress S(+) NS

* Maximum Stress NS NS
Strain at Rupture NS S(-)
Stress at Rupture NS NS
Modulus S(-) S(-)

High Rate Triaxial Tensile, 770F, 1750 CHS, 600 psi
Strain at Max Stress NS S(+)
Maximum Stress S(+.) S(+.)
Strain at Rupture NS S(+)
Stress at Rupture S(+) S(+)
Modulus NS S(-)

Creep, 10 lb Load, 10 sec MS SC-)
20 sec NS S(-)
1000 sec NS S(-)
10,000 sec NS S(-)

Creep, 12 lb Load, 10 sec NS S(-)
20 sec "S S(-)
1000 sec NS S(-)

Stress Relaxation, 3% Strain, 10 sec S(+) S(+)
50 sec S(+) S(+)
100 sec S(+) SC(+)

1000 sec S(+) NS

Stress Relaxation, 5% Strain, 10 sec S(+) S(+)
50 sec S(+) S(+)
100 sec S(+) S(+)
1000 sec S(+) NS

-9-



TABLE 2 (cont)

Motor Composite

Test 0012199 Motor

Constant Strain NS S(-)

Hardness, Shore A, 77°F, 10 sec NS S(-)

Sol Gel
Crosslink Density S(+) NS

% Extractables S(+) S(+)
Weight Swell Ratio NS S(+)

Density S(-) S(-)

Heat of Explosion NS S(+)

Burning Rate, 500 psi S(+) NS

1000 psi NS S(-)

NS - Non-significant trend from a line of zero slope

+ - Significant slope in a positive direction

- - Significant slope in a negative direction

• 'NOTE: All testing performed at the 5% significance level

- 10
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SUMMARY

A. TENSILE, CREEP, STRESS RELAXATION AND CONSTANT STRAIN:

For those regressions where statistically significant trend line direc-

tion are seen, the changes are gradual and no problems are indicated. The

propellant has shown less strain capability and higher tensile strength as

the age increases.

B. HARDNESS AND CROSSLINK DENSITY:

The hardness and crosslink density is gradually increasing as the propel-

lant ages. As the crosslinking continues, the propellant becomes more rigid.

This correlates well with increasing hardness, decreasing strain and greater

stress properties.

C. THERMAL AND COMBUSTION PROPERTIES:

From the analysis, the thermal properties are not undergoing any drastic

changes at this time with respect to age.

O
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CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS:

1. The test results show that, under present storage conditions, some of

the physical and combustion properties of the propellant indicate statisti-

cally significant aging trends. However, where a significant trend is indi-

cated, the slope of the trend line is gradual and no operational problems

are expected for at least two years beyond the last test period.

2. Although some aging trends have been observed, it does not appear

that significant degradation will occur in the propellant within the next

two years.

B. RECOMMENDATIONS:

It is recommended that testing and reporting be continued on propellant

from motor S/N 0012199 on an individual basis to eliminate the biasing created

by combined motor regressions.

S
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